Abstract: Arboviruses represent a serious problem to public health and agriculture worldwide. Fast, accurate identification of the viral agents of arbovirus-associated disease is essential for epidemiological surveillance and laboratory investigation. We developed a cost-effective, rapid, and highly sensitive one-step "triplex RT-PCR enzyme hybridization" assay for simultaneous detections of Japanese Encephallitis virus (JEV, Flaviviridae), Getah virus (GETV, Togaviridae), and Tahyna virus (TAHV, Bunyaviridae) using three pairs of primers to amplify three target sequences in one RT-PCR reaction. The analytical sensitivity of this assay was 1 PFU/mL for JEV, 10 PFU/mL for GETV, and 10 PFU/mL for TAHV. This assay is significantly more rapid and less expensive than the traditional serological detection and single RT-PCR reaction methods. When "triplex RT-PCR enzyme hybridization" was applied to 29 cerebrospinal fluid (CSF) samples that were JEV-positive by normal RT-PCR assay, all samples were strongly positive for JEV, but negative for GETV and TAHV, demonstrating a good sensitivity, specificity, and performance at CSF specimen detection.
. There are more than 550 species listed in the international catalog, of which more than 128 are known to infect humans and livestock [16] . Since the 1950s, four arborvirus-related diseases have been reported [Japanese encephalitis (JE), tick-borne encephalitis (TBE), Xingjiang hemorrhagic fever (XHF), and Dengue fever (DEN)] to be endemic to China [14] . In recent years, some emerging and reemerging arboviruses, such as GETV [28] , TAHV [17] , and JEV [13] , have been newly identified in mainland China, which threaten public health and agriculture; [18] and trained operators, or exhibit a low sensitivity and specificity [20] . The better diagnostic/ monitering method(s) which reduces the hands-on time and obtains greater rapidity and higher sensitivity is largely needed. One-step multiplex RT-PCR can achieve these aims, decrease the risk of contamination,
and has been applied to the diagnosis of several other viral diseases [1, 2, 5, 8] . The triplex RT-PCR enzyme hybridization assay developed in the present study can practically screen for the arboviruses JEV, GETV, and TAHV in one reaction. When compared with traditional methods, this new assay is more rapid, requires less specimen and inexpensive facilities, and displays a high sensitivity and specificity. Additionally, the high-throughput potential of our novel assay requires less hands-on time and provides a new option for the diagnosis of emerging and reemerging viral diseases.
MATERIALS AND METHODS

Virus strains
Japanese encephalitis (P3, AF036918), Getah (GETV, EU015063), and Tahyna (TAHV, EU622820) viruses used in this study were maintained in the Viral mmol/L glutamine (Gln), and penicillin/streptomycin (100 U/mL). Supernatants containing the arboviruses JEV, GETV, and TAHV were inoculated onto BHK-21
cell monolayer (70-80% confluence) [24] and incubated at 37℃ with 5% CO 2 for viral replication. Cells were observed for cytopathic effects (CPE) daily from days one to seven post-inoculation.
Cells were freeze-thawed three times after the occurrence of CPEs in at least 80% of cells, and then harvested by centrifugation at 4℃ and 12,000 rpm for 20 min. Virus titers in supernatants were determined by the plaque count method [25] , and supernatants were then aliquoted, and stored at -80℃.
Primers and probes
All JEV, GETV, and TAHV sequences were downloaded from the public database of the National
Center for Biotechnology Information(NCBI) and combined sequences kept in our laboratory were used to design primers and probes. Multiple sequence alignments were performed using ClustalX 2.1 [22] and BLAST result analyses were performed using CLC Free Workbench [3] . These data were used to identify the most conserved gene regions for designing specific primers and probes. Specific annealing of all primers and probes to the conserved region of three arboviruses was confirmed by BLAST searching of public databases (http://www.ncbi.nlm.nih.gov. BLAST/ BLAST.cgi).
Sequences and other information on the primers and probes are shown in Table 1 
Sensitivity analysis
Analytical sensitivities were determined by making 10-fold serial dilutions of arbovirus supernatant with Eagle's medium (10 -2 -10 2 PFU/mL) and detected using a One-Step Triplex RT-PCR enzyme hybridization assay. The highest virus dilution that was positive (OD ≥ 0.5) was considered to be the LOD (limit of detection) of the assay.
Cross-reactivity between three PCR products and species-specific probes
Purified PCR product from suspensions of each arbovirus with a titer 100 times greater than the LOD (10 2 PFU/mL) was hybridized with probes specific for the other two viruses.
Clinical samples
Twenty-nine clinical CSF samples that were 
RESULTS
Primer and probe design
All known sequences (in GenBank as well as tested in our laboratory) were collected, including 219 JEV sequences (covering gene type Ⅰ-Ⅳ), 13 GETV sequences, and 27 TAHV sequences. Primers and species-specific probes targeted the most conserved region of the structural capsid gene for JEV, NS1 for GETV and S for TAHV ( Table 1 ). The length of primers used was 20-23 base pairs (bp); that of probes was 32-38 bp. PCR products were putatively bp. The coverage rates (i.e. rates of matching specific sequence) of all primers were 97.3-100%, and 99.1-100% for species-specific probes.
Development and sensitivity analysis of the one-step triplex RT-PCR enzyme hybridization assay
Based on both the literature [9, 12, 15, 23] and the experience in our laboratory, we used a forward to reverse primer (biotin-modified) ratio of 1:2.
Optimum primer concentrations were 0.25 mmol/L (forward) and 0.5 mmol/L (reverse). Sensitivity testing of the 10-fold serial dilutions for the three arboviruses JEV, TAHV, and GETV showed that this assay could detect 10 0 PFU/mL JEV, 10 1 PFU/mL TAHV, and 10 1 PFU/mL GETV ( Table 2) .
Cross-reactivity between PCR products and species-specific probes
Cross-reactivity was assessed by hybridizing high titer amplicons (10 2 ,10 1 PFU/mL) of each arbovirus with the probes of the other two viruses. All results (Table 3) were negative, which demonstrates no cross-reactivity between PCR amplicons and probes of the other viruses.
Detection of clinical specimens
All 29 CSF samples that were JEV-positive by standard RT-PCR were strongly-positive for JEV, but negative for the other two viruses (GETV and TAHV) (Table4) when tested using the one-step triplex-RT-PCR enzyme hybridization assay developed in this study. 
DISCUSSION
At present, arboviruses are important pathogens associated with serious public health and agricultural loss in China [13] . Recent reports of virus isolation and antibody detection suggest the existence of many arboviruses in mainland China [27] . This leads to the calls for urgent investigations and the development of new diagnostic assays.
Virus isolation by cell culture is recognized as the "gold standard"; however, it is slow and requires almost a week for results. Antigen detection can provide rapid results, but often exhibits a low sensitivity and sometimes requires further confirmation by cell culture. Traditional molecular diagnosis methods, such as monospecific PCR [7] and some types of revised monospecific PCR (nested PCR [26] and half-nested PCR [11] ) assays are potentially [4] , multiplex PCR [6] , and microarrays [19] , which offer rapid and sensitive results, have emerged, but these require expensive equipment, reagents, and trained technicians. To date, these new techniques have been mainly used in research laboratories and rarely in field studies. To overcome these disadvantages, we developed a nucleic acid-based assay that combines a new generation molecular technique (multiplex RT-PCR [21] ) with conventional testing methods(enzyme hybridization similar to ELISA). This assay showed a high sensitivity when testing CSF samples compared to standard RT-PCR.
In addition, it requires only about four hours to complete all procedures, thus markedly decreases hands-on time. Use of nucleic acid hybridization enhances the detection signal, leading to improved sensitivity. Additionally, this assay could be applied to other pathogens and has been adopted in many fields, such as screening for pathogens involved in bioterrorism [24] , detection of respiratory pathogens [15] , and analysis of enzyme activity associated with carcinoma [10] . This combined one-step triplex RT-PCR enzyme hybridization assay possesses the advantages of both conventional methods and advanced molecular detection, thus providing rapid and highly-sensitive and -specific results with low contamination rates. 
